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ºve%pX¨0z0qoXjce^zÄ|£ªdfrlnosueXz[²||¨coe
s§jmlneox¤`ce%dfsu|c`cosuÁF¨ceXz·c¦³p^j+d]}cs§pXj¸|npX{vs«llnpX¦@zTpXcpXos§edfe%jmlf}ce	c¦utLq%|%zTe|lnsud]p^lnsutvj
otvc¨~|lne^zdftvs§j~}coe|q%pXoo%|alnos§|%°
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 jctvodUp^¦±`F¨cd]pXjÂ`ce>pX}+e%ª`cs§~sul|Up®otv¨c{v`+~s§¦§p^lneonpX¦±|£Ldfd]erlno£v°  `cp^lfs§|µe%pX|su¦«£
tvc|eoº^pXc¦ue­¯tvoe%Llneojp^¦P|lo¨cqrln¨coe%|]Æ¯e>pXo|%z0er£ve%|z!jctv|eXz0|½L¨~¦§¦@°§°u° Ç©oe%d]pXsujc|º^pX¦u¨pXc¦ue
­¯tvoln`ce]conp^s§j¼pXjc}¼s«ln|q%tvdf5tvjcejFl|%°i¤ls§||c¦us«lsujmlntlk¡·t®`cedfs§|c`ce%oe%|zs§j¥¡(`cs§qy`
e>pXqy`¾|¨~c|lo¨cqrln¨coe `p^|p#qtv¨cjmlneop^ol$tX­pXccot&%~sud]p^lne¦u£ln`ce¬|np^d]e©|`pX5e¥pXjc}
¦§tLq>p^ls§tXj©s§j®l`ceµtvc5tv|s«lneµ|s§}~ewÆ3lned]5tvopX¦9z[­¯otvjmlyp^¦9z0tLq%qs§~sulnpX¦G¦utv[e|%z0ºXe%jmlnos§q¦§e|%°u°§° Çr°
_a`ce®`ced]su|~`ce%oe%|pXoe®qtvjcjceqle%} lnt+e%pXqy` tXln`~e%o	m£l`ce®qtvoc¨~|q>pX¦u¦§tX|¨cdOzpXjc}
|e%cpXonp^le%}$m£$pf{Xotv||¦«£c¦§pXjpXozd]su}ªx¤|npX{vs«llnpX¦@z~²||¨coe^°
5¶tQ¡±erºve%ozcs«l±`p^|·5e%ejoe[tXolne}|s§jcqeln`~e¦§p^lneQ^l`Uqe%jmln¨~o£fln`pl±qtvjc|~s§q¨ctv¨c|
d]tXoc`ctX¦§tv{Xs§q%pX¦}cs [e%oejcq%e|5elk¡·e%ej l`ce©`ced]su|~`ce%oe%|$dUp^½Xe®ln`~e©conpXsuj |£L|lne%d x
p^lnsuq>pX¦u¦«£®pX|£Ld]dferlnosuq>p^¦9°76tvoe%~pXdfc¦§e^z0ln`ce¡(s§}ceoosu{v`ml=­¯otXjFlnpX¦ZpXjc}©¦ue­3ltLq%qs§cs«lyp^¦
¦§tv5e%|{XsuºXe¶os§|e*lntplntXoÁF¨ce(e[e%qrlTtX­[l`ceatQºveonpX¦u¦ccopXs§jf|`pX5eÆ¯|ee86Zs§{v¨~oe=JÇ ° )tXoe
|¨c~l¦u£XzCl`ceOjp^l¨conpX¦·ºXp^os§pXcsu¦§s«lk£#tX­¶ln`~eq%tvolne%#lnonp^jc|¦§p^lne|fs§jmlnt¬|¦§su{v`ml]}cs[e%oe%jcqe%|
[erlk¡±ee%j©`ced]su|~`ce%oe%|%°ikjl`ce|pXdfe¡±pQ£Xz[qe%oe%copX¦Z}~tvdfs§jp^jcq%e`pX|5e%ej®}ced]tXjªx
|lnop^lne}A|s§j~q%eOln`ce¡·tvo½+tX­Pp^¨c¦:9±otLq>p¬tvj+ln`~e¦§pXjc{v¨cpX{ve¦§p^lneonpX¦us§Ã%p^lnsutvj ÆQ<;~JÇrz
pXjc}wd]pXjm£$copXs§j­¯¨cjcqls§tXjc|=pXoej~tJ¡ l`ctv¨c{X`Fltvo¶½Lj~tJ¡(j®ltU5e¦utLq>p^le%}wsuj®d]pXsujc¦«£
tvjcetX­¶ln`ceO`cedfs§|c`ce%oe%|®Æ@`pXj~}ce%}cj~e%||z±ºLs§|¨pX¦¶pXcsu¦usuls§e|%z±erlnq^° Ç °+_a`ceÁF¨ce|ls§tvjÂtX­
¡(`cel`ce%oln`ceUpXjplntvdfsuq>pX¦TpXj~} ln`~e]­¯¨cj~qlnsutvjp^¦conpXsuj#p^|£Ldfd]erlnos§e|oe¦³plneflnt$e>pXqy`
tXln`ceo oed]pXs§j~|µ}ce%plypXc¦ue	lntln`ce5tvsujFl%zeºXe%j¸su­¶erºªsu}cejcq%e|UtX­(q¦§tX|eq%tXjcjce%qrlnsutvjc|
`p>ºve5e%ej	}ced]tXjc|lonp^le%}	ÁF¨cs«lne¦³p^le%¦«£>=?;A@¿°G_a`~e%|e|ln¨~}cs§e|±|¨c{v{ve|l±l`p^l·|£Ldfdfelno£
q%tvjc|s§}~e%onplnsutvjc|pXoe½^e£lntfln`~e¨~jc}ce%o|lnpXjc}csujc{]tX­Gqe%oeconp^¦0­¯¨cjcqls§tXjcs§j~{c°
BTtX¦§¨cdferlnosuqCd]e}csuq>pX¦FsudUp^{ve%|q%tXjFºXe£suj~­¯tvod]p^ls§tXjp^[tv¨ªlPp^jp^lntXd]suq>p^¦7Æ )wz'±_¶Ç
tvo­¯¨~jcqls§tvjcpX¦Æ9T_z À T '±_¶Ç|£ªdfdfelosue%|fpXj~}#pX|£ªdfdfelosue%|zc¨~ll`ce£ pXoeUt^­ x
lne%j¼c¦§¨~ooe}#m£ pXq%ÁF¨csu|s«lnsutvj¸pXolns«­@pXql|	Æ¯jctvsu|eXzPcs³p^|yÇrzGpXjc}#p^[tQºve	pX¦§¦Tm£¬ln`ceU¨c|¨cpX¦
lnsu¦ultX­ln`cewp^lnsue%jml  |`ce%pX} suj»ln`ce®}~eºLs§qe©}c¨cos§jc{#l`ce®|q>pXjcj~s§jc{+~otLq%e%||%° )tXoe
coeq%su|e%¦«£vz(ln`~eDCsu}ce%pX¦FE$qtªtXo}csujp^le|£ª|lned p^llypXqy`ce}lnt¥ln`ce`ce>p^}0zas§jA¡(`cs§qy`»l`ce
s§jmlneox¤`ce%dfsu|c`ceosuq²c||¨~oes§|(qtvjmºve%j~s§ejFl¦u£O}~s§|c¦³p>£Xe%}0z5}cs Äeo|*­¯otXd,ln`~eq%tLtvo}csujp^le
|£L|le%d tX­Pl`ces§d]pX{Xem£ln`~oe%epXjc{X¦§e|pXotv¨cjc}Oln`~e5tXlltvd x¤ltv Æ¯£mp>¡Rp^jc{v¦ueXz5p%ªs³p^¦
otXlnp^lnsutvj7Ç zFl`cecpXqy½vx¤­¯otXjFlÆ@otv¦§¦[pXjc{X¦§e^zªqtvotvjcpX¦[otXlyplnsutvj7ÇTpXjc}Ul`ce¦ue­3lxkos§{v`mlÆ@cs«lnqy`
pXjc{v¦ueXzv|pX{vs«llnpX¦~otXlyp^ls§tXj7ÇZp%ªe|%zFpXjc} l`coee*lnopXjc|¦§p^ls§tvj~|pX¦utvjc{=ln`~e%|ea}~s§oe%qls§tXjc|¶Æ@|e%e
6Ps§{X¨coe   Çr°Oi¤l dfe%pXjc|l`p^ll`ceU²c||¨~oe	su| {vejce%opX¦§¦«£¥jctXl}cs§|c¦§pQ£Xe%}¸suj¼ln`ceUq%ejFle%o
tX­(ln`cesud]pX{ve	¦§p^lls§qeX° _a`cs§|fcoeºXe%jmln|f­¯otvd ­¯¨coln`ceo ºªsu|¨cpX¦*sujc|5e%qrlnsutvjAtXoµpXjpX¦«£mx
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|su|%z5e%q>p^¨c|e=l`ce`ctvdftv¦utv{vtv¨~|(pXjp^ltvdfs§q%pX¦Ä|lno¨~qln¨~oe%|¶tvo±­¯¨~jcqls§tvjcpX¦!pXoe>pX|*sujO[t^ln`
`ce%dfsu|c`ceoe|OpXoejctXlU}cs§|c¦§pQ£Xe%}¾sujln`ce|npXdfe©p %~s§pX¦¶tvo]q%tvotvjpX¦¶|¦us§qe®sujln`cewgv
s§d]pX{ve^°
6Ps§{X¨coev´Z_tvoÁL¨~e*e[e%qrltX­ln`~e*conp^s§j0´ln`~e*osu{v`mlP­¯otvjmlypX¦L¦§tX[eÆJÇsu|G¦§pXo{Xe%oZl`pXjl`ce
¦§er­3l*tvjce^zcpXj~}ln`csu|*su|±ln`~etvc5tv|sule­¯tvo·l`cetLq%qs§~sulnpX¦Ä¦utv5eµÆXJÇr°e%|qosu~lnsutvjOtX­0l`ce
`ce%dfsu|c`ceoe|%´av° 67otvjmlypX¦ª[tX¦§e   ° À ¨c5e%os§tXoG­¯otvjmlyp^¦~|¨~¦§q¨c|Cg~° )su}c}c¦ue*­¯otXjFlnpX¦~{^£ªo¨c|
c° À ¨c[eosutvoa­¯otvjmlnpX¦!{X£Lo¨c|0ª°·oe%qe%jmlnopX¦|¨c¦uq%¨c|0;~°tXjc{vs«ln¨c}csujpX¦!qe%oe%copX¦!²||¨coe
 °¥Toe%qe%jmlnopX¦a{X£Lo¨c|fª° tv|lq%ejFlonpX¦a{^£ªo¨c|f~°'±e%jmlnopX¦*|¨c¦§q¨c|O~°¥ZtX|lnqe%jmlnopX¦
|¨c¦uq%¨c|Uvv° Å qq%sucs«lypX¦C[tX¦§e^°	_a`csu|su¦§¦u¨c|lnonplnsutvj¼qtvdfe%|­¯otvd ln`~e+Bs§oln¨pX¦5¶tv|~sulnpX¦
=    @¿°
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ROLL angle0
0’
Z
X
Y
YAW angle
coordinate space of the head
coordinate space of the image
PITCH angle
6Ps§{X¨coe   ´_a`~e Csu}ce%pX¦FE]qtªtXo}csujp^leU|£ª|lnedp^llypXqy`~e%}¼ltln`~e`ce%pX} Æ¯s§j¼¡(`~s§qy`¼l`ce
²||¨coe=su|Cq%¦utv|e¶lntl`ce~¦³pXj~e mÇTpXjc}]ln`ceq%tLtvo}csujp^le|£L|lned,t^­0ln`ce¶sudUp^{ve=pXoe
}ce%}c¨~q%e%}©lt	e>pXqy`©t^ln`ceo=m£¡±p>£®tX­l`coeeµpXjc{v¦ue%|µÆ¯£mp>¡z0otv¦u¦PpXj~}©csulqy`7ÇpXj~}©pgv
lnonp^jc|¦§p^lnsutvj Æ	
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_a`F¨c|zsuls§|tX­3lnej¼tX­({voe>p^lsujFle%oe%|lµltwqtvooe%ql¦u£ oetvosue%jmlfp^jc}#oeq%ejFle%o `~e>pX}
s§d]pX{ve|%z[[eq>pX¨c|e jctvod]pX¦*Æ3lntvoÁF¨cee Äeql>zÄs§jmlnos§j~|suqº^pXos§pXcsu¦§s«lk£vzZ°§°u° ÇwpXjc}©p^cjctvodUp^¦
Æ@¨cjcsu¦§p^lneonpX¦p^l`ctv¦utv{vsue%|nÇ¶}cepXol¨coe|­¯otvd |£Ldfdfelno£®p^c[e%pXo¶d]tXoeq¦§e%pXo¦«£v°(_a`csu|
q>pXjU[e(`ce¦§~­¯¨~¦5­¯tvoT}cerlneqlnsutvjpXjc}}~s³pX{Xjctv|su|Cs§jUdUp^jF£fq%pX|e|%´G­¯opXql¨coe|±tX­[ln`ce¶|½F¨c¦u¦
s§j '±_ sud]pX{ve%|z±¦ue%|s§tvj~|%z*tvoµ~¦§ee%}suj )w s§d]pX{Xe%|%z±pX|£Ldfdfelosue%|t^­5e%o­¯¨c|sutvjsuj
À T'±_,s§d]pX{Xe%|%zCelqX° À tvdfe}csu|e>p^|e%|UpXoepX||¨cdfe%}Âlnt©5e|lnotvjc{v¦«£#¦usujc½Xe}Â¡(s«ln`
pXcjctvod]pX¦§s«lnsue%|tX­·conp^s§j pX|£Ldfdfelo£vzZ¦§su½Xe]|qy`~s§Ãtvc`coe%jcs§p~´ suj¥l`csu|q%pX|e^zl`ce]conpXsuj
s§|(|¨~|5e%qle%}wltf[edftvoe|£Ld]dferlnosuq>p^¦l`pXjOjctvodUp^¦= <@9°
¶­3lneoOl`ce¥s§jcs«lns§pX¦=ls§¦«l$`pX|O[ee%j;q%tvooe%qrlne}0zsul$su|e%pX|sue%oOlntÂ5e%o­¯tXod ­¯¨coln`ceo
dUp^jL¨cpX¦0tvo(pX¨ªlntvd]p^ls§qdfe>p^|¨coe%dfe%jmln|¶lntfq%tXd]cpXoe=l`celk¡±tf|su}ce|tX­ln`~econpXsuj0°ikj
=  @9zXl`cea}csu|lyp^jcq%e|·5elk¡·e%ej]l`ceae%Llneojp^¦|¨co­@pXq%eatX­7l`cea`ce%dfsu|c`~e%oe|±p^jc}µln`ceadfsu}ªx
|npX{vs«llnpX¦mc¦§pXjceTtX­ªln`ceToetvosue%jmle%}0zvoe%qe%jmlneoe%}s§d]pX{veCpXoeTq%tvdfc¨~le%} vl`ce%|e·dfe%pX|¨coe%|
cotQºLs§}~eµpÁF¨pXjmlns«lyplns«ºve   ¢|£Ldfd]erlno£®d]pX0°ikj =   g~zZ%~z   <@9zÄp}~e%jc|efgv¢²e¦§}®su|
q%tvdfc¨~le%}¾tQºveoOl`cew¡(`ctX¦§e¬copXs§jÄz5elk¡·e%ej l`ce©`ce>p^};p^jc} sul||£Ldfdfelnos§q©¡(s«ln`
oe%|[eqllntfln`cedfs§}ªx¤|npX{XsullypX¦!c¦§pXjcetX­Pl`ces§d]pX{ve^°*_a`csu|²e¦§}$lnopXjc|¦§p^le%|l`ceconpXsuj
|£Ldfd]erlno£ ±s§j#cpXols§q¨c¦³p^o%zs«lµs§|jL¨~¦§¦C¡(`ce%oe	ln`ce	~onpXsuj+s§|[eo­¯e%qrln¦«£#|£ªdfdfelosuq>pX¦@°
)tvoe¶{vejce%opX¦§¦«£vzªconp^s§jpXjpX¦«£L|su|±tX­3le%joe%ÁF¨csuoe|·ln`~eq%tXd]~¨~lyp^ls§tXjtX­0ºXtv¦u¨cdfeonplnsutv|
[erlk¡±ee%jf¦§er­3lpXj~} osu{v`ml>zX¡(`~s§qy`µsu|Ge>p^|sue%oP¡(`cej ln`ces§oZoe¦³p^lsuºXe*¦utªq%p^lnsutvj su|Gsud]dfe}cs³plne
lntfpX||e%||%°C*la¦§pX|l%zcsul(d¨c|l(5e=jct^lne%}l`p^las«lasu|atX­3lnejp ¨~|e­¯¨~¦0coecotLq%e||s§jc{]|le%
s§j )sud]pX{ve%|¶­¯tvo`~s§{v`~e%o¦ueºXe%¦PlnpX|½F|=|¨cqy`¬pX|c¨~lls§j~{ln`ce}p^lnps§j®pU|le%oe%tXlnp%ªs§q
q%tLtvo}csujp^le|£L|le%d =   K@9°
À eºveonpX¦¶pX5e%o|f`p>ºvew~oeºLsutv¨c|¦u£Âq%tXjc|su}ce%oe%}l`ceOcotXc¦§ed tX­=qtvooe%qrlnsujc{¥l`ce
p%ªs³pX¦CpXj~}#q%tvotvjpX¦TotXlyp^ls§tXjc|%zZpXjc}¼l`ceflnonp^jc|¦§p^lnsutvj+p^¦§tvj~{ln`~eU¦ue­3lxkosu{v`mlp%ªs§| T¡·e
{vsuºXepf~osue­GtQºXe%oºLsue¡RtX­ln`~e|lyplnerx¤tX­ x¤l`cerxkpXol*s§jOln`cejce%Ll|e%qrlnsutvj0°  tXle=ln`p^lal`ce
q%tvooe%qrlnsutvj®tX­l`ce|pX{vs«llnpX¦ZotXlyplnsutvj+Æ¯eX° {c°§z5ln`cepX¦us§{vj~d]ejmlpX¦utvjc{l`ce 'Cxk' ¦us§j~eQÇ
pXjc}¬ln`ce]lnonp^jc|¦§p^lnsutvjc|pX¦utvjc{Oln`ce]5tXlltvd x¤lntX p^jc} l`ceUcpXqy½vx¤­¯otXjFlp%ªe%|s§|pºve%o£
}cs[e%oe%jml¶cotXc¦§ed ln`pla¡±e¡±tXj l(lnpXqy½F¦§e`ce%oeX°
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)tv|l±tX­!ln`~e=e%ªsu|lnsujc{fpX¦u{vtvosul`cdf|*|`cpXoepq%tvdfdftvj	dfel`ctL}ctv¦utv{X£v°6Zs§o|l>z~pcotv[eo
d]su}ªx¤|npX{vs«llnpX¦(c¦§pXjcewsu|	}cer²jce} s§jl`cew`~e>pX}0za{Xe%jceonpX¦u¦u£A}cs ÄeoejFlU­¯otvd l`cewdfsu}ªx
|npX{vs«llnpX¦!c¦§pXjcetX­Pl`cesud]pX{ve^z55e%q%pX¨c|etX­Gl`celnsu¦ul%°*_a`ce%jln`ce`ce>p^}wsu|otXlyp^le%}wpXjc}
q%e%jmle%oe}¬|lnopXsu{v`ml­¯tvo¡*pXo}c¦«£vz!|t	l`p^lln`ce e%Llnonp^qlne}¬c¦³p^jceµd]p^lnqy`ce|=ln`ceq%e%jmle%otX­
ln`ces§d]pX{ve¦³pllnsuq%e^°_a`ceoeµp^oed]pXsujc¦«£Olk¡±tq¦³pX||e|=tX­Tdfel`ctª}~|%zÄ}~s[e%os§jc{s§jwl`ce%suo
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}ce²j~suls§tvjwtX­Pl`ce|e>pXoqy`ce%}©~¦³pXj~eXz7¡(`cs§qy`©q%pXjw5ee%s«ln`ceoln`~ec¦§pXjce[e|ld]p^lnqy`csujc{
ln`cesujmlne%oxk`cedfs§|c`ce%os§qO²||¨coe$tXoln`ce~¦³pXj~edUp %~sudfs§Ãs§j~{¼p®|£ªdfdfelo£¸qos«lne%os§tXj0z
s9° eX°uz~d]pX½Fsujc{µln`ce   pXol|*tX­!l`ce=`ce%pX}¦u£Lsujc{µtvje%pXqy`|su}cedftv|l*|sud]su¦§pXo%°  e=}cerlypXsu¦
ln`cefpX}ªºXp^jFlnpX{ve|p^jc}¬}conp>¡(pXqy½F|tX­Cln`ce|eµlk¡±tpXc~otmpXqy`~e%|s§j¬ln`~e ­¯tv¦§¦utQ¡(s§j~{czpXjc}
|¨cdfd]pXosuÃ%eln`cedUp^s§j$­¯e>p^l¨coe|tX­Gl`ceoe%¦§p^lne}©pX¦u{vtvosul`cdf|sujw_ZpXc¦ue	vz5p^l¶ln`cee%jc}
tX­Zl`ce|eqlnsutvj0°
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s§|!l`p^lln`ceTsujmlne%ox
`ce%dfsu|c`ceosuq	²||¨coes§|otv¨c{X`c¦u£¥c¦§pXjp^o%zpXj~}¼ln`pls«l cotQºªsu}ce|µpw{vtLtª}¥¦§pXjc}cd]pXo½
­¯tvo*­¯¨col`ce%oaºXtv¦§¨~d]erlnos§q|£Ldfdfelno£$pXjpX¦«£L|su|%°
  - 	 4 6 ejce%opX¦u¦u£Xz0ln`ce²c||¨~oefs§||e%{vdfejFle%}¥s§j )ws§d]pX{Xe%|%°ikj =  zGv @¿zÄl`ce
²||¨coe©su|e%LlnopXqle%}¾|¦usuq%erx¤m£Fx¤|¦us§qe¬¨c|sujc{¸|jp^½Xe%|° _a`cej0zp+gv c¦§pXjce®su|	­¯tv¨cjc}Äz
¨c|sujc{¥pXj+tvoln`ctv{XtvjpX¦Coe{voe||sutvj¸­¯otvd-p®|erlftX­¶q%tvjmlotv¦·[tvsujmln|µoe%coe%|ejmlnsujc{¥l`ce
|e%{Xd]ejmlne%}Aq%¨coºve^°Aikj = gA@¿zTln`ce$pX¨ªln`ctvoµ~otv5tv|e|p¬gv e%Lle%jc|s§tvjAtX­¶ln`ce>5tX¨c{v`
lnonp^jc|­¯tvod-~osujcq%suc¦ueOlt¬}cele%qlµl`cedfs§}Lxk|np^{vsullypX¦±c¦³p^jceX° )5tv¨~{v`+lnonp^jc|­¯tvod-su|
q%tvdfc¨~le%}©tvj©e%pXqy`    qtvotXjpX¦P|¦§suq%elnt	}cerlneql|lonpXsu{v`ml¦us§j~e%|%°_a`~eµpXq%q¨cd¨~¦³p^ltvo
q%e%¦u¦u|tX­ln`~elonpXj~|­¯tvod q%tXjFlnpXsuj$l`cedUp^{vjcs«ln¨c}cetX­ln`~e{XonpX}csue%jml¶q%tXd]~¨~lne}wsujwgv°
­3lneoZl`ce%|e   »¦§sujce|TpXoe*e%Llnonp^qlne}0zm|sudfc¦uea{ve%tvdferlnosuq>p^¦~q%tXjc|su}ce%op^lnsutvjc||`ctQ¡`~tJ¡
lnt$otvc¨~|ln¦«£¥q%tvdfc¨ªlneUl`ce	gX,c¦§pXjce]­¯otvd l`ce%|e	¦us§jce|%°O|p~oe%~otLq%e%||sujc{czPl`ce
`ce>pX}$d¨~|l¶[e|e%{vdfe%jmle%}wltUp>ºXtvs§}$}cerlne%qrlnsujc{dfe%pXjcsujc{v¦ue%||¶¦us§jce|%°
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! +_a`~edUp^s§j¸pX}ªºXp^jFlnpX{ve	t^­aln`csu|fpXccotmpXqy`+su|ln`cp^l
ln`ce=oe%|¨c¦uls§j~{]oe%tvos§ejmlyp^ls§tvjOp^jc}oeq%e%jmle%osujc{ftX­!l`ceconp^s§j	su|asujc|ejc|s«lns«ºvelntµ|lnotvjc{
pX|£Ldfdfelnos§e|%zcotQºLs§}~e%} ln`ceoe®su|	jct^lOp¼d]pX||e Äeqlj~e>pXol`cew²||¨coeXz(¡(`csuqy` su|
½Lj~tJ¡(jlnt(5eÁF¨csuleT|lyp^c¦§e^°P|0ln`cer£}ct(jctXl!lnpX½XeTsujFlt¶pXq%qtv¨cjmlln`ce{v¦utvp^¦v|£Ldfdfelno£
tX­Äl`cea¡(`ctv¦uecopXsuj0zLl`ce(q%tv¨~jFle%opXol·su|Cl`ce|e%jc|sulsuºLs«lk£t^­Äln`~e%|epX¦u{vtvosul`cdf|Tltl`ce
tX­3lnejtvc|eoºXe%}wq¨coº^p^l¨coet^­l`ce=²||¨coe	Æ¯|e%e 6Zs§{v¨~oeµJÇ °67tXo±e%~pXdfc¦ueXz7suj =  @¿z~l`ce
d]erln`ctL}]tvjc¦«£ oe¦§sue%|Ctvj]p­¯e¡»5tvsujmln|Toecoe|e%jmls§jc{ln`ce(|jpX½Xe|%zªpXjc}fln`ce(tvoln`ctX{vtvjpX¦
oe%{Xoe%||sutvj»su|U½FjctQ¡(j»j~tXlUlt¼5eotvc¨c|lU¡(s«ln`Aoe|5e%qllnt¥tv¨~ln¦usue%o|´wln`~esujmlnosujc|s§q
q%¨coºXpln¨coetX­Zln`ce²||¨coeµp^jc}l`ce5tXlnejmlns§pX¦e%ootvo|tX­G|e%{vdfejFlnp^lnsutvj©q%pXjw|lnotXjc{v¦«£
q%tvoo¨c~lUln`cewoe%|¨c¦«l>° ikj pX}~}csuls§tXj0zaln`ce5¶tv¨c{v`Alnonp^jc|­¯tvod cosujcq%suc¦ue = gA@¡(su¦§¦¶­@pXsu¦
lnt}cerlne%qrl¦§sujce%|s«­·l`ceµ`m£L[tXl`ce%|s§|tX­C¡±e%pX½®q¨coº^p^l¨coefsu|=ºªsutv¦§p^lne}0° *l¦§pX|l%z!ln`ce|e
d]erln`ctL}c|±pXoe¶jctXl±pX}pXªlypXc¦ue(lnttXln`ceo±dftL}pX¦usuls§e|%zF¡(`ce%oeln`~e²||¨coesu|±jctXl·q%¦ue>p^o¦«£
ºªsu|suc¦ueX°
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 /  4 	 -  -  *_a`ceoepXoe¶oe¦³p^lsuºXe%¦«£]|sud]~¦§ed]erln`ctL}c|CtX­Ä²cjc}csujc{ pc¦§pXjce¶tX­0oe¹eqrx
lns«ºveµ|£Ldfdfelo£©suj©q>pX|eµtX­C[eo­¯eqln¦«£®|£Ld]dferlnosuq>p^¦{ve%tvdferlnosuq>p^¦Ptvªeql|%zs§j    tvo
gv°5ikj®ln`csu|=q>p^|eXzÄsulq>pXj©5e}cedftvjc|lonp^le%}©ln`cp^lpXjm£|£Ldfdfelno£®c¦§pXjcetX­Cp5tª}~£
s§|[eo5e%jc}~s§q¨c¦³p^olntwp$~osujcq%supX¦·p%ªs§|°ikj¼q%pX|eUtX­*dfe%}~s§q%pX¦·sud]pX{ve|%zZl`ce]cotv~¦§ed
s§||¦us§{X`Fl¦u£¬}~s[e%oe%jml>zZ[eq>pX¨c|ejctXod]pX¦TpXjc} pXcj~tvod]pX¦CpX|£ªdfdfelosue%|`cs§}~e]l`ceU¨~jªx
}ce%o¦u£Lsujc{	|£Ldfdfelo£®t^­Gln`ce`ce>p^}0´(pU5e%o­¯e%ql|£Ldfdfelno£®c¦§pXjce}ctLe%|j~tXle%ªs§|l>°_t
lypXqy½F¦ueln`~s§|Ucotv~¦§ed$z(p^jsujFl¨cs«lns«ºve®su}ce>p s§|]lnt¼}~e²jce$ln`cedfs§}ªx¤|npX{XsullypX¦(c¦§pXjcewpX|
ln`ceµtvj~efl`p^ld]p%ªsud]suÃ%e|l`cef|sudfs§¦§pXos«lk£©5elk¡·e%ej¼ln`ceµsud]pX{ve]pXjc}¬s«ln||£LdfdfelosuqXz
s9° eX°uz!ln`cefc¦§pXjceµ¡(s«ln`¥oe%|[eqllnt¡(`csuqy` l`cefconp^s§j¥e%ª`csucs«ln|dUp %~sud¨~d |£Ldfd]erlno£v°
TopXqls§q%pX¦u¦u£Xz~ln`csu|(pXc~ot&%ªs§d]p^le|£Ldfd]erlno£c¦§pXjcesu|*lntµ5e=q%¦utv|e=lt ln`ce=²c||¨~oeXz~¨~l
s§|(q%tXd]~¨~lne}w¨c|s§jc{fln`~e¡(`~tv¦§egvRsudUp^{vepXjc}OjctUpXjp^ltvdfs§q%pX¦0¦§pXjc}cd]pXo½L|°
  - 	 4 6 ¬ikj#|tXd]epX¦u{vtvos«ln`~d]| =uXzC>~z   A@9zZln`~e|e%pXoqy`~e%}¸c¦§pXjcesu|cpXonpXdferlne%ox
s§Ãe%}0zFln`ce(|£ªdfdfelosuqtX­5ln`~e¶tXosu{vs§jcpX¦s§d]pX{Xe¶su|Tq%tvdfc¨ªlne%}pXq%qtvo}~s§jc{lntln`~e¶q¨cooe%jml
pXonp^d]erlneo|%zpXjc} p+|sudfs§¦§pXos«lk£¾dfe>pX|¨coe¬su|Oq%tvdfc¨~le%} [erlk¡±ee%j ln`ce   oe|¨c¦«lnsujc{
s§d]pX{ve|%°_a`ceosu{vsu}UlnopXjc|­¯tvod]p^ls§tvjpX¦us§{vj~s§jc{ln`ce¶c¦§pXjce{vsuºLsujc{l`ced]p%ªsud¨cd |sud x
s§¦§pXos«lk£¸¡(sul`ln`~e®q%ejFle%o	t^­=ln`ces§d]pX{Xew¦§p^lls§qewsu|}ceos«ºve%}¾|lnonp^s§{v`ml­¯tvo¡±pXo}~¦u£X°;ikj
tXln`ceoCpX¦§{Xtvos«ln`cdf|:= ~z   @9zFposu{vs§}µlonpXjc|­¯tvod]p^ls§tXjUqtvooe%ql¦u£]p^¦§su{vjcsujc{ln`ce(¨cj~½Lj~tJ¡(j
c¦³p^jces§|(}csuoeqln¦«£O|e%pXoqy`~e%}0°·_¡·totXlyp^ls§tXjc|Æ9p%ªs§pX¦pXjc}$q%tXotvjp^¦ Ç*pXj~}tvj~elonpXj~|¦§px
lnsutvjAÆ9pX¦utvjc{Oln`cef¦ue­3lxkosu{v`mlp%ªsu|yÇpXoeµln`~e%tvoelnsuq>p^¦§¦«£¬e%jctX¨c{v`¬lntO[eo­¯tvod ln`~s§|lyp^|½7z
pXjc}+q%tXjc|lsul¨~lne	l`ce¨cjc½FjctQ¡(jÂpXonp^d]erlneo|%°¥_a`cetvos§{Xs§jp^¦±sudUp^{ve	su|µotXlnp^lne}¸pXjc}
q%e%jmle%oe}OpXq%qtvo}~s§jc{lntl`ce=q¨cooe%jml*p^onpXdfele%o|%zªl`ce%j	¹cs§c5e%}U¡(sul`	oe|5e%ql±lntl`ce
q%e%jmle%o tX­±ln`ceUs§d]pX{veU¦³pllnsuq%e®Æ¯¡(`csuqy`+su|ln`~e%j#|¨cc5tv|e}#lnt®5e]l`ce|e>pXoqy`ce%}¸dfsu}ªx
|npX{vs«llnpX¦(c¦§pXjceQÇ z(pXjc}p¼|sudfs§¦§pXos«lk£Âdfe>pX|¨coe®su|qtvdfc¨~le%} 5elk¡·e%e%j»l`cewotXlyplne%}Äz
q%e%jmle%oe}#sudUp^{vep^jc}¼s«ln|¹suc[e}¼ºveo|s§tvjÄ°ikj¼5tXln` q>pX|e%|%zGp$|e>pXoqy`#s§|q%tXd]~¦§erlne%}
pXq%otv||aln`~e|el¶tX­ZpXopXdfelneo|(lnt]pXqy`csueºXel`cedUp %~sud¨~d tX­Zl`ceq%osule%osutvj0°
)$tv|ltX­3lnej0zln`ceqy`ctv|ej®|sudfs§¦§pXosulk£q%osule%osutvjs§|¶ln`ceq%otv||xkq%tXooe¦³plnsutvj0° ejce%ox
pX¦§¦«£vzln`~s§|q%osule%osutvj s§|q%tXd]~¨~lne}#[erlk¡±ee%j¼l`ce]s§jmlnejc|s«lnsue%|tX­±l`ceflk¡±t|£Ldfd]erlnos§q
gv sudUp^{ve%| =u @9°$,|¦§su{v`mln¦«£¼}~s[e%oe%jmlfpXc~otmpXqy`¼s§|coe|e%jmle%}¸s§j =  @9zZ¡(`~e%oe	p   
d]su}ªx¤|npX{vs«llnpX¦p%ªsu|s§|e%|lnsud]p^lne} ­¯tvoe%pXqy`¼qtvotvjcpX¦Gtvop%ªs§pX¦|¦usuq%eXzZpXjc}¥p$gvc¦§pXjce
s§|¶}ce%}~¨cq%e}®­¯otvd l`ce|eltX­Pl`ce%|e¦us§j~e%|%z5­¯tv¦u¦§tQ¡(sujc{{vetvdfelosuq>pX¦q%tXjc|su}ce%op^lnsutvjc|=pX|
s§j = g @¿°6tvoapµ{vs«ºvejw|¦§suq%e^zcln`ce|e¦§eqle%}®p %~su|¶s§|*l`ce¦§sujceln`pl(dUp %~sudfs§Ãe%|¶ln`ceqotv||x
q%tvooe%¦§p^ls§tvj¸5elk¡·e%ejAln`~eOlk¡·t¥oe¹ce%qle%}Âs§d]pX{Xe%|µ¡(sul`Aoe%|[eqlflnt©ln`~s§|f¦us§jce^°+_a`ce
dUp^s§j+}cop>¡(pXqy½¼t^­aln`csu|µdfeln`~tª}+su|ln`cp^l¡(`cej+ln`ce	`~e>pX}¸su| |lotvjc{X¦u£¥lnsu¦ule%}0zGl`ce
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p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p=coecotLq%e||sujc{c°_a`~e¶dferln`ctL}f}ce%|q%osu5e%}]s§j>=  @csu|pX|s§q%pX¦§¦«£ l`cea|npXdfe^zL~¨~lT¦§sudfsule%}
lnt   p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pX¦us«lnsue%|
Æ@|ee_PpX~¦§e]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ikj~|lne%pX}$tX­Psujmlnejc|s«lnsue%|z7l`ceq%osule%osutvjOq>p^j$5eq%tXd]~¨~lne}­¯otXd ­¯e%p^ln¨coe%|(}ceos«ºve%}
­¯otvd ln`cewtvosu{vsujpX¦sud]pX{ve^°ikj =«Qªz    @9z¶l`ce®{vopX}csue%jmlOtvos§ejFlnp^lnsutvj `csu|ltv{vopXd su|
q%tvdfc¨~le%}0z5pXj~}ws«ln|aº^pX¦§¨~e%|pXoeoe[tXolne}wtvjpµlne%||e¦§¦§p^lne}®¨cjcs«l¶|c`~e%oe^z[{XsuºLsujc{]l`ce
 %Lle%jc}ce} pX¨c||s§pXj+ikd]pX{ve¥Æ@ iÇr°Z_a`ce%tXoels§q%pX¦u¦u£Xz·s«­(ln`cecopXsuj+s§|µ|£ªdfdfelosuq>pX¦@z
|tsu|¶sul| iy°5_a`~e}csuoeqls§tvjwtX­Pl`ce|£Ld]dferlno£c¦§pXjces§|(ln`~etvj~el`p^ldUp %~sudfs§Ãe%|
ln`ce®qtvooe%¦§p^lnsutvj tX­l`cewlk¡·t¸¹cs§c5e%}»ºXe%o|sutvjc|OtX­ln`ce® iµ¡(sul` oe|5e%qlOlt¼ln`csu|
c¦³p^jceXzP¡(s«ln`~s§j#l`ce	}csu|qoele	|erlµtX­atXosue%jmlyp^ls§tXjc| }cer²jce%}¸m£¥ln`ce]lne%||e¦§¦§p^lnsutvj0°w|
pUcoe%cotªqe%||s§j~{cz0ln`ces§d]pX{Xesu|=otXlnp^lne}©pXjc}wq%e%jmle%oe}¥pXq%qtvo}csujc{ltln`~ecos§jcqs§cpX¦
p%ªe%|pXj~}»ln`ce®qe%jmlneotX­d]pX||	t^­l`ce®`ce%pX}0° _a`ce©oe%|tv¦§¨ªlnsutvj s§|¦§sudfsule%} lnt¼l`ce
lne%||e¦§¦§p^lnsutvj¥tX­Cln`cef¨cjcs«l|~`ce%oeXzZpXjc}¬lnt¡±e¦§¦qtvjmlnopX|le%}¥s§d]pX{ve|UÆ '±_ p^jc} )Ç z
}c¨ce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£ltUl`ce²o|lq¦³p^||=tX­Gd]erln`ctL}c|z[ln`~e¡(`ctv¦ue gvºvtv¦u¨cdfe su|lypX½^e%j©sujmlnt
pXq%qtv¨cjml>z¡(`csuqy`¸d]e%pXjc| l`p^ll`cetQºveonpX¦u¦±{votv||µ|£Ld]dferlno£#tX­aln`ceconpXsuj+su|µ¨c|e}0°
'±tvjc|eÁF¨ce%jmln¦«£vzln`ce|efdfel`ctª}~|pXoeµ¦ue%|||e%jc|sulsuºXe]ltln`ce º^pXos³pX~s§¦usulk£wtX­Tln`cefsujmlne%ox
`ce%dfsu|c`ceosuq²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ºve}|`cpX[e^°_a`ceOlnopX}ce xkt¾su|µln`ce$jce%e}A­¯tvo l`ce
q%os«lneosutvj¸lnt¬[eotvc¨c|lf¡(sul`Aoe%|5e%qrlflnt¬}ce%cpXol¨coe|]­¯otvd-l`ceO{votv||µ¨cjc}ceo¦«£Ls§jc{
q%e%oe%copX¦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pX¦Cq%os«lneos§p©|¨cqy`ÂpX|l`ce	qotv||x
q%tvooe%¦§p^ls§tvjÄz7l`p^l¶su|p [e%qrlne}wsujln`~e|pXdfe¡±p>£m£$pXoe>pX|¶sujw|lotvj~{®Æ¯s9° eX°uz[|£Ld]dferlx
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¦§p^lle%oCq>pXj|eºXe%oe%¦«£	cs§pX|
ln`ce]e%|lnsudUplnsutvj#tX­·ln`ceUc¦³p^jce =« @9°aql¨pX¦u¦u£XzPln`ce]sud]~¦§suq%s«l `m£L[t^ln`ce|su| ¨cjc}ceo¦«£Ls§jc{
ln`ce|ed]erln`ctL}c|(su|(l`p^lal`celk¡±t]|su}ce%|tX­ln`cecopXs§j$pXoejctXlalntLtf}csu||sudfs§¦§pXo°
_t tQºveoqtvdfe=ln`csu|*su||¨~eXzpXj~tXln`ceo±|s§dfsu¦³pXosulk£Uq%osule%os§tvjsu|*cotv5tv|e}	s§j =«   @¿´Pl`ce
|lntLqy`pX|lnsuqU|s§{Xj qy`p^jc{veXz¡(`csuqy` ¡±pX|~oeºLsutv¨c|¦u£¥|`~tJ¡(j¥lntO5eUe   qs§ejmlsuj q%pX|e]tX­
osu{vs§}oe{vs§|lnop^lnsutvj0z5eºXe%jw­¯tvo¶ÁF¨cs«lne}~s§||sud]su¦§pXosud]pX{ve%| =   ªz A@¿°aikj$ln`ce|npXdfe¡*p>£Xz0p
jce¡R|£ªdfdfelo£dfe>pX|¨coes§jmlnotª}~¨cq%e}®s§j=uQ@ZpX¦§¦utQ¡(|ltUlyp^½XesujmlntpXq%qtv¨cjml=d]pXsujc¦«£
|lnotvjc{v¦«£$|£Ldfdfelnos§q%pX¦PcpXol|tX­Gl`ce~onpXsuj0°-6Psuo|l%zÄp^jwtv~ls§d]pX¦c¦§pXjces§|q%tvdfc¨~le%}
¡(sul`cs§j©l`ceµ|erlt^­·~¦³pXj~e%|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onpXdfele%o||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pXjc}Oln`ceq%ejFle%os§jc{tX­Gs«ln|¶q%ejFle%o¶tX­Gd]pX||su|t^­3lne%jpf¨c|er­¯¨c¦Z~oe%~otLq%e%||sujc{	|lne%Ä°*
d¨c¦«lns xkoe%|tX¦§¨~ls§tXj©|qy`ced]eµq%pXj¬pX¦u|tp^q%q%e¦§eonp^leln`~e cotLq%e|| =« @9°=_a`ce d]pXsuj©pX}ªºXp^jªx
lypX{veµt^­·l`ce%|eUp^ccotvpXqy`ce%|su|l`ce%suopXcsu¦§s«lk£®ltOlnpXqy½F¦§e]tXl`ce%odftL}pX¦usuls§e|l`pXj)wz
s§j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o}~e%j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z À C '±_
À ¨cj    z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s§j$oeq%e%jmlpX5e%o| =   g~z!%~z   <@9zsu|¶qtvdf[tX|e%}tX­lk¡±tU|lnec|%°C*l(²o|l>zln`~eqtvdfc¨~lnpx
lnsutvj t^­±¦utªq%pX¦onpln`ceol`pXj¥{v¦utvpX¦G|s§dfsu¦³p^os«lk£¬d]e%pX|¨~oe%|[erlk¡±ee%j¼l`ceµlk¡±t|su}ce%|tX­
ln`ce=~onpXsuj¥Æ@tvo·ln`ce=|½F¨c¦§¦Äs§j.'±_¾s§d]pX{Xe%|yÇ*p^¦§¦utQ¡(|*lnt d]p^lqy`$`~tvdftv¦§tX{vtv¨c|ap^jp^lntXd]suq>p^¦
|lno¨cql¨coe|UtXo ­¯¨cjcqls§tXjpX¦(pXoe>pX|z·m£#¡±p>£¸tX­=p©c¦utLqy½#d]p^lnqy`csujc{¥cotLq%e}c¨coeX°¸_a`ce
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j~ewln`cedfs§}ªx¤|npX{XsullypX¦¶c¦§pXjce©pX|]ln`cetvjce[e|l|¨ªx
[eo5tv|sujc{©ln`ceO5tvsujFl|µs§jÂtvjce`~e%dfs§|c`ceoe®p^jc}+ln`ces§oµqtv¨cjmlneopXoln|]s§j+l`ceOtXln`ceo
`ce%dfsu|c`ceoeOm£¼oe¹eqlsuºXe$|£Ld]dferlno£X° _a`~ee%|ls§d]p^ls§tXj+tX­aln`cepXonp^d]erlneo|µqy`pXox
pXqle%osuÃ%sujc{¸ln`ce¬c¦§pXjce¬su|O[eo­¯tvod]e};m£¾p+¦ue>pX|lOlnosudfdfe%} |ÁF¨pXoe%|$tv~lnsudfs§Ã%p^lnsutvj
|qy`ced]e^°A_a`~e%j0zCln`cee|lnsud]p^lne}c¦§pXjceOsu|fpX¦us§{vj~e%}¸¡(sul`Âl`ceOq%e%jmle%oftX­¶ln`ceOsudUp^{ve
¦³p^llnsuq%e^°C_a`~s§|(dfel`ctª}$su|(­¯¨~¦§¦«£OpX¨~ltvd]p^lne}0ztvªeqlsuºXe pXjc}Ooe%cotª}c¨~q%suc¦§e^°
_a`~s§|pXc~otmpXqy`¥pX¦u¦utJ¡(|=lt}ce>p^¦P¡(sul`©lk¡±t$|erºve%oef}conp>¡(pXqy½F|tX­Cq%¦§pX||s§q%pX¦|£Ld x
d]erlno£Fx¤pX|e%}©dfel`ctª}~|%°36Zs§o|l>z7ln`~eq%tXd]~¨~lyp^ls§tXj®tX­T¦utªq%pX¦d]e%pX|¨~oe%|tX­T|£Ldfdfelno£
pXjc}l`ce*¨c|eatX­5potXc¨c|lGe%|ls§d]p^ls§tXj lne%qy`~jcs§ÁF¨ce7=«  @cpX¦§¦utQ¡+lnt}csu|qosudfs§jplnea5elk¡·e%e%j
|£Ldfd]erlnos§q%pX¦pXjc}p^|£Ldfd]erlnos§q%pX¦!pXoln|*tX­!l`ce=copXsujtvo±ln`~e=|½F¨c¦u¦9°Conp^qlnsuq>p^¦§¦«£vz~l`ce
d]su}ªx¤|npX{vs«llnpX¦7c¦§pXjce=su|±d]pXsujc¦«£qtvdfc¨~lne}­¯otXd l`ce¨~jc}ce%o¦u£Lsujc{µ{votv||·|£Ldfd]erlno£	tX­
ln`ce=`~e>pX}0zª[eq>pX¨~|es«ln|*e|lnsud]p^lnsutvjOsu|*otv~¨c|l*¡(s«ln`oe%|[eqlalntjctvod]pX¦[tvo*p^cjctvodUp^¦
pX|£Ldfdfelnos§e|Z¡(`csuqy` p^oelnoe>p^le%} p^|tX¨~ln¦us§eo|° À eq%tvjc}Äz^ln`~eCoe%{voe%||sutvj|lne%£Ls§e¦§}c|PpXj
pXjpX¦«£Flnsuq>pX¦[|tv¦u¨~lnsutvj0zªq%tvdfc¨ªlyp^ls§tvjcpX¦§¦«£U¦§e||ae%ª5e%jc|suºXeln`pXjtv~lnsudfs§Ã%p^lnsutvj|qy`ce%dfe%|
pX|e}tXjwpXjOe%~`cpX¨c|lsuºXe|e>pXoqy`0°
 e]e%Llnejc|s«ºve¦u£ }ce%|q%os§5eUl`cs§|jcer¡ pXccotmpXqy` s§j¥|eqlnsutvj   °ikj¥|eqlnsutvj¼g~z¡·e
|`ctQ¡Rln`pl¡·eµpXoe pXc¦uelt	q%tX[e¡(sul`©|lnotvjc{v¦«£pX|£Ldfdfelosuq>pX¦p^jc}ls§¦«lne}©`ce>pX}wtvo
conpXsuj0zerºve%jÂsuj+coe|e%j~q%eOtX­¶jctvsu|ep^jc}+cs§pX|%z¡(s«ln`+ºveo£#{XtªtL}+pXqq%¨copXq£#pXjc}+¦utJ¡
q%tvdfc¨~lnp^lnsutvj©lnsudfeX° ikj¥|eqls§tvj¥czÄ¡·efcoe|ejFloe|¨c¦«ln|tvj¥pXjcp^lntvdfsuq>pX¦aÆ )wz '±_¶Ç
pXjc}­¯¨cjcqrlnsutvjpX¦CÆ@C_z À T '±_¶Ç(sud]pX{ve|%°
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|CpXj]s§jmlnotª}~¨cqls§tvjÄzF¡·e¶oe%q%pX¦u¦cln`ce(cos§jcqs§~¦§e|±tX­5ln`ce(dfel`ctL}Ucoe%|e%jmlne}	s§j =   gªz>~z
   @9° s«ºve%j7zZp^j )w sud]pX{veftX­Cln`cef`ce%pX}0zln`ce]dfs§}Lxk|np^{vsullypX¦Pc¦³p^jce,s§|}cer²jce%}
pX|ln`ceftvjcef5e%|l|¨c5e%o5tv|s§jc{$ln`cefp^s§o|
	Fz!¡(`ce%oe	Csu|pcopXs§j¬ºvt&%ªe%¦@z
Gsul|pXjp^ltvdfs§q%pX¦Pqtv¨cjmlneop^olsuj®ln`ce t^ln`ceo=`ce%dfsu|c`~e%oe^zpXjc} l`ceµ|£Ldfdfelno£
¡(sul`Aoe%|5e%qrlflnt©ln`ceO|e>pXoqy`ce%}Ac¦³p^jce]°¼ikjAqtvjcq%oeleOle%od]|z su|µtv~lnpXsujce%}Âm£
d]sujcsudfs§Ã%p^lnsutvjwt^­Pln`~e¦ue>p^|l|ÁF¨pXoe%|Æ À Çaq%os«lneosutvj! #"$" 	&%'(( ")"+* z¡(`ceoe "$"-,(")"
s§|l`ceµ¨cq¦§su}cs§pXj j~tvodO°j¬p^jpX¦«£Lls§q%pX¦G|tv¦§¨ªlnsutvj©tX­ln`~s§|cotvc¦ue%d s§|=}~e%|qosu[e} suj
ln`cepXc5e%j~}cs %[°T_a`cepXsuo|.
	/µpXoetv~lyp^s§jce}wp^|(­¯tX¦§¦utQ¡(|Æ¯|eepX¦u|t+6Psu{v¨coegmÇr´
0 _a`ceOdfs§}ªx¤|npX{XsullypX¦ac¦§pXjce21 tX­l`ceOs§d]pX{veO¦§p^lls§qe Æ1 su|]q%tvjc|s§}~e%oe}Alt 5e
² %ªe%}¬lntOln`cef{vos§}Ç}~s[e%o|­¯otvd l`cef|e>p^oqy`ce}¼dfs§}Lxk|np^{vsullypX¦~¦³pXj~e,tX­·l`ce
conp^s§js§jwl`cels§¦«lt^­ln`ce`ce>pX}w}c¨cosujc{l`ce|q>pXj~jcs§j~{cotLq%e||%z[c¨~ls§|=¨~|¨pX¦u¦«£
p {vtLtª}²co|l*e%|ls§d]p^leX°T_a`cetvos§{vsujpX¦5sudUp^{ve.Usu|*¹suc5e%}¡(sul`oe|5e%ql(lt1#z
{vs«ºªsujc{µln`~esud]pX{ve34.56 °
0 _a`ce%C}ced]tXjc|E·pX¦u{vtvosul`cd =    @m²j~}c|Zl`ceCpXjp^ltvdfs§q%pX¦Fq%tv¨cjmle%ocpXol7  suj849(:
tX­e%pXqy` [tXs§jml;	suj<7zam£A¡±p>£»tX­=jctvjªx¤osu{vs§}oe%{Xs§|lnonplnsutvj»5elk¡·e%e%j¾ln`~e  
s§d]pX{Xe%|%°
0 _a`ce$|£Ldfd]erlnos§qtX­.  ¡(sul`oe%|5e%qrllt1 s§|µln`~ewpXjcp^lntvdfsuq>pX¦aqtv¨cjmlneop^ol
Æ@jct^lne%}@ÇCtX­=	>0s§jln`~etXln`ceo*`ced]su|~`ce%oeX´? @49   °67tXo±e%~pXdfc¦ueXzsuj7z
ln`ce[tvsujmlp^l=l`ce lntX©tX­ln`ceµos§{X`Flºve%jmlosuq%¦ueUsu|=d]p^lnqy`~e%}¬¡(sul`®ln`ceµ5tvsujFlp^l
ln`celtvOtX­Zl`ce¦§er­3l(ºve%jmlosuq%¦ueX°
¶­3lneoA s§|Zq%tvdfc¨ªlne%}Äzvln`ceClnonp^jc|­¯tvod]p^lnsutvj8B @4.C&su|GpotXlyplnsutvjs«­D¾pXjc}
1-pXoejctXl¶pXopX¦§¦ue%¦0pXjc}pµlonpXj~|¦§p^lnsutvj$su­7 pXjc}E1p^oepXopX¦u¦§e¦9°Ti¤l¶s§|(|`ctQ¡(jln`cp^l
ln`ce	lonpXjc|­¯tvod]p^ls§tXjFB3GH * zT¡(`~e%jApXcc¦us§e}+lnt©ln`cesud]pX{veI7zTpX¨~ltvd]p^lnsuq>p^¦§¦«£¸pX¦us§{Xjc|
ln`cec¦§pXjceJ ¡(sul`K1#° À eºXe%onp^¦Z}cs   q%¨c¦«lnsue%|pXjc}¦§sudfsulnp^lnsutvjc|pXosu|e¡(`cejw¨c|s§jc{]ln`csu|
d]erln`ctL}0´
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0 |d]pXjm£¬tX­±l`ceUq¦³p^||suq>p^¦·|£ªdfdfelo£mxkcpX|e}+d]erln`ctL}c|zPjctvod]pX¦CpXjc}¼cp^ln`ctx
¦§tX{vs§q%pX¦pX|£Ld]dferlnosue%|q>pXj¥|erºveoe%¦«£¥}csu|o¨~~ll`cefq%tvdfc¨ªlyp^ls§tvj¥tX­Cln`cefc¦§pXjce^°
Gºve%j]ln`ctX¨c{v`s«lCs§|CpX|e%}UtvjU¦utLq>pX¦sujc|le>pX}UtX­0{X¦§tvcpX¦dfe>pX|¨coe|±tX­Ä|£Ldfd]erlno£vz
ln`cedfs§jcsudfs§Ã%p^lnsutvj	su|±5e%o­¯tvodfe}	tvjp{v¦§tXpX¦5q%os«lneosutvj0zªpXjc}¡(su¦u¦[5e|lnotXjc{v¦«£
p [e%qle%}$m£ln`ce}cepXol¨coe|a­¯otvd l`ce¨cjc}ceo¦«£Ls§jc{U|£Ldfdfelno£v°·aqln¨cpX¦§¦«£vzcl`ce
¦§e%pX|lU|ÁF¨p^oe%|Udfs§jcsudfs§Ã%p^lnsutvjAs§|]½FjctQ¡(jlnt¥[e$jctXl]otvc¨c|lU¡(s«ln`Aoe%|[eqlUlnt
tv¨~l¦§sue%o| =«  @9°
0 ikjp^}c}cs«lnsutvj0z±l`cej~tvjªxkos§{Xs§}Âoe{vs§|lnop^lnsutvj»p^¦§{vtXos«ln`cd q%pXj~otQºLs§}cewpX5e%oopXjml
d]p^lnqy`csujc{v|°  `cej®pf|lo¨cqrln¨coesu|¶pXc|ejml=sujtvj~e`~e%dfs§|c`ceoeOÆ@pf¦ue%|s§tXj0z[tXjce
lnopXqy½¸tX­¡(`cs«lnewd]p^llneo%z(elqX° Çrzatvo]¡(`ce%j»lk¡·t#|lo¨cqrln¨coe%|OpXoeltªt }cs[e%oe%jml
­¯otvd e>p^qy` t^ln`ceo%z(ln`ce©d]p^lqy`cs§j~{Âsu|¦us§½^e%¦«£ lnt#­@pXsu¦9z(c¨ªlln`ce|e©­@pXsu¦§¨coe%|OpXoe
}cs   q¨c¦«ls«­jctXlOsudf[tv||suc¦ue¥ltÂ}~elneql%° )tvoe%tQºveo%zl`ce¬dUplnqy`csujc{ÂcotLq%e||
s§|µ5e%o­¯tvodfe}Atvj+l`ce¡(`ctv¦ue$sud]pX{ve^z·suj¸pXols§q¨c¦§pXoµln`cep^qy½L{Xotv¨cj~}0z±erºve%jml
ln`ctX¨c{v`	ln`~e`F£L5tXln`~e%|su|(tX­¨cjc}ceo¦«£Ls§jc{]|£Ldfdfelo£Osu|*ºXp^¦§¨p^c¦§etXjc¦u£]­¯tvo*`~e>pX}
ºvt&%ªe%¦u|%°¶_a`ce%|e dfe>pXj~s§jc{X¦§e||=qtvooe%|5tvjc}~e%jcqe%|¡(su¦§¦5e|£ª|lnedUplnsuq>pX¦u¦u£lypX½^e%j
s§jmltUp^q%q%tX¨cjmlsujln`ce{v¦utvpX¦!¦ue>p^|l¶|ÁF¨pXoe%|¶q%osule%osutvj0°
0 *lO¦³p^|l>zln`ce C}~e%dftvjc|(E¥pX¦u{vtvos«ln`~d d]pXsujc¦u£»oe%¦usue%|$tvj ln`ce¬{vopX}csue%jml$tX­l`ce
s§d]pX{XeXzCpXjc}¸cotJºXe%}¸lnt©5ee   q%sue%jmlf­¯tvo `~s§{v`¸oe%|tX¦§¨~ls§tXjpXj~}+¦§tQ¡*x¤le%Lln¨~oe%}
s§d]pX{Xe%|C¦§su½Xe )w tvo'±_° '±tXjc|eÁL¨~e%jmln¦«£vzcl`cs§|·pXc~otmpXqy`Us§|C}cs   q%¨c¦«l±lte%ªle%jc}
lnt À T '±_ tvo(T_ sudUp^{ve%|°
    '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_a`cedftª}cs«²q%p^lnsutvj#¡·e$~otv5tv|e`ce%oeOpX¦§¦utQ¡(| lnt©qtvdfc¨~lnel`ce	dfs§}Lxk|np^{vsullypX¦·c¦§pXjce
tvjc¦«£­¯otvd q%tXooe|5tvjc}cejcq%e|[erlk¡±ee%jµºveo£|sudfs§¦§pXoGp^oe>p^|Psuj5tXln` |s§}~e%|GtX­~ln`ce·conpXsuj
tvol`ce	|½F¨c¦u¦@zs9° eX°uzºve%o£¼|£Ld]dferlnosuq>p^¦(pXoe%pX|%zTpXj~}¼lntwlnpXqy½F¦§e5tXl`¼­¯¨cjcqrlnsutvjpX¦±pXjc}
pXjp^ltvdfs§q%pX¦csudUp^{ve%|°G_a`ce(dfeln`~tª}ctX¦§tv{^£µs§|Glk¡·tX­¯tv¦u}0zLpXjc}fp^|suq>pX¦u¦u£µl`cea|np^d]e¶pX|Gl`ce
tvjce¶coe|e%jmle%}Os§j]ln`ce|eqlnsutvj   °uv° 6Zs§o|l>zF¡·e²jc}[tvsujmlx¿lnt^x¤[tvsujmlCq%tvooe%|[tXjc}ce%j~q%e%|
[erlk¡±ee%j ln`~e·lk¡·t=|su}ce%|zFpXjc}|e%qtvjc}0zv¡·e·²cjc}ln`~e±c¦§pXjce·[e|lG|¨c5e%o5tv|s§jc{=l`ceCpXsuo|
tX­*d]p^lqy`ce%}+5tvsujFl|%°>5tQ¡·eºXe%o%zGl`ce]dUplnqy`csujc{©pXj~} ln`~etv~ls§dfsuÃ>p^ls§tXj¼cotªqe%}c¨coe%|
pXoe=ºXe%o£O}~s[e%oe%jml­¯otvd =   g~z!%~z   A@¿°
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_a`ce=pXsuo|±tX­q%tvooe|5tvjc}cejcq%e| 
	>/  pXoetv~lnpXsujce%}m£]¡*p>£	t^­pc¦utªqy½]d]p^lnqy`csujc{
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pX¦mqos«lneosutvj0zXl`cs§|jcer¡ÂpXccotmpXqy`µpX¦u¦utJ¡(|lnt¶e%¦us§dfsujp^le·ºveo£pX|£Ldfdfelosuq>pX¦~pXjc}
d]e%pXjcsujc{v¦ue%||=pXoe>pX|a­¯otXd ln`ceq%tXd]~¨~lyp^ls§tXjtX­Zln`cec¦§pXjcem£O¨c|sujc{U¦§tLq>pX¦!dfe%pX|¨coe%|
tX­|£Ldfdfelo£v° 6Psuo|l%z*s«­jct¼~¦§tLqy½   s§jAln`ce$|¨c~|el	}ce²j~e%} suj 4 56µe%ª`csucs«ln|
p#`cs§{X` ' '¡(s«ln` p#{vs«ºvej;c¦utLqy½ s§j ln`~e©|¨cc|elO}cer²jce};suj 5z¶s«ln|q%ejmlne%osu|
e%¦us§dfsujp^lne}+|lonpXsu{v`ml­¯tvo¡*p^o}c¦«£vzm£ |ellnsujc{©pwqtvjmºvejcs§ejml]l`coe|`ctX¦§}0°wikj#conp^qlnsuq%e^z
ln`csu|`pXc5e%j~|¡(`~e%j¬ln`ceµ|lno¨~qln¨~oe%|e%ªsu|ls§jc{$suj¥tXjceµ{vs«ºve%j¥c¦utªqy½ws§j ®p^oefpXc|e%jml
­¯otvd pXjm£¥c¦utªqy½¥suj 4.56 zZ¡(`csuqy`+su|ln`~eq>p^|eU­¯tXo|lnotXjc{v¦«£¼p^|£Ldfd]erlnos§q%pX¦apXoe>pX|°
_a`cs§|fe¦§sudfs§jplnsutvj¸s§|µjct^lfe>pX|s§¦«£¼­¯e%pX|suc¦ue$suj =   gªz*>~z   <@9z¡(`ce%oeOsulµsu|µ}cs   q%¨c¦«lflnt
}cele%qlO¡(`ceoe©ln`~e©jctvjªx¤osu{vs§}¾p^¦§{vtXos«ln`cd ­@pXs§¦u|%° À e%qtvjc}0zpXqy½F{votX¨cjc}¾ºvt&%ªe%¦u|wpXoe
jp^ln¨~onpX¦u¦u£Asu{vjctvoe%}¾s§j l`cs§|	­¯opXdfe¡·tvo½7z¶[eq>pX¨~|e©¡±e©e¦§sudfs§jcp^lne¬c¦utªqy½F|	¡(s«ln`¾¦utJ¡
ºXp^os§pXjcq%e=­¯otvd ln`cetv~ls§dfsuÃ>p^ls§tXj$~otLq%e%||%°T_a`F¨c|%zl`cee%|lnsudUplnsutvj|lne0zc5e%o­¯tXodfe%}
¡(sul`®ln`ce|eµcoe%|e¦§eqle%}¼sujmlneoxk`~e%dfs§|c`ceosuqUqtvooe%|5tvjc}~e%jcqe%|%zsu|=d]pXsujc¦u£wpX|e%}¬tvj
|£Ldfd]erlnos§q%pX¦GpXoe>pX|°_a`ceotv~¨c|le%|ls§d]p^ls§tXj®lne%qy`~jcs§ÁF¨ce ¡·e ¨c|eÆ@p¦§e%pX|llnos§dfdfe%}
|ÁF¨pXoe%|µdfs§j~s§dfsuÃ>p^ls§tvjÇpX¦u¦§tQ¡(|lt®e%¦us§dfsujp^leln`ceoe%d]pXsujcsujc{¬pX|£ªdfdfelosuq>pX¦*pXoe%pX|
­¯otvd ln`ceq%tXd]~¨~lyp^ls§tXjtX­ln`~e~¦³pXj~eX°
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 ¦§e%pX|lTlnos§dfdfe%}]|ÁF¨p^oe%|ÆL_ À ÇP|lonp^le%{X£ s§|T¨c|e%}flnt²jc}fln`cea~¦³pXj~e;[e|lC|¨c5e%ox
[tv|s§j~{ ln`ce=5tvsujmln|9
	/pXj~}	ln`ces§oaqtv¨cjmlneopXoln|  F°_a`~s§|adfsujcs§dfsuÃ>p^ls§tXj$|qy`ce%dfe
`pX|O[ee%j;cotQºvej lntÂ5e¥­@pXodftvoe otvc¨c|lltAtX¨~ln¦us§eo|Oln`p^j l`ce q¦³p^||suq>p^¦¦ue>p^|l
|ÁF¨pXoe%|±dferln`ctL} =«  @9°Gaql¨pX¦u¦u£Xz~sujtv¨~oC~otvc¦ue%dOzL¡±e¶`p>ºve¶lnt}~e>pX¦¡(s«ln`Ulk¡·t½Fsujc}c|
tX­PtX¨~ln¦«£Ls§jc{]dfe>pX|¨coe|%° 6Psuo|l%z}ce%5e%j~}cs§j~{tvjOln`ceqy`ctXs§qetX­ln`~ecpXonpXdferlne%o|%z7pX5e%ox
onpXjmld]p^lnqy`~s§jc{X|q%pXj `cpXc5e%j¥su­Cln`cef`ce%pX}¥s§||lotvj~{v¦u£wlnsu¦ule%}0° À eq%tvjc}ÄzZerºve%j¼p^­3lneo
ln`ce(sujcsuls³p^¦|`ctvolx¤¦§su|ls§jc{ln`cp^lTe%¦us§dfsujp^le%|±~¦§tLqy½F|C¡(s«ln`]¦§tQ¡  ' 'ªzFc¦utªqy½F|Cq%tvjmºver£Ls§jc{
|lnotvjc{p^|£Ldfd]erlnos§e|Cq%pXjµoed]pXs§jÄ°G_a`csu|`pXc5e%jc|Z¡(`ce%jµlk¡·t|lno¨cql¨coe|CpXoe·coe|e%jml
s§j©5tXln`©`~e%dfs§|c`ceoe%|zZ~¨~lsuj©}cs[e%oe%jml¦§tLq>plnsutvjc|%´(ln`~e lk¡±td]p^lqy`ce%}¥c¦utªqy½F|q%tXjªx
lypXsujcsujc{Ul`cs§|¶|lo¨cqrln¨coe e%ª`csucs«lpf`csu{v`  ' '0°*_a`~e¨c|etX­TpfotXc¨c|ldfs§jcsudfs§Ã%p^lnsutvj
lne%qy`~jcs§ÁF¨ceaejpXc¦ue%|Gl`ce±qtvdfc¨~le%}µc¦§pXjce±lt=5e±tvjc¦«£pX|e}µtvjl`ce±¨cj~}ce%o¦u£Lsujc{{votX||
|£Ldfd]erlno£ t^­±ln`~eUcopXsuj0zZl`cep^|£Ldfd]erlnos§e|5e%sujc{loe>plne%}¼pX|tv¨~ln¦usue%o|°	_a`ce ª_ À
|qy`ced]e¡±e¨c|esu|%´
0 _a`ce~¦³pXj~e dfs§j~s§dfsuÃ%sujc{   "$" 	>D%'(( ")" * su|pXjpX¦«£Flnsuq>pX¦u¦u£$­¯tv¨cj~}0z5pX|}ce x
|qosu[e}suj$l`cepXc5e%jc}~s %  "$"-,(")" s§|al`ceT¨~q%¦us§}cs§pXjjctvodO°
0 _a`ceµoe|su}c¨pX¦u|   "$" 	% A( "$" pXoelosudfd]e}0zpXjc}  s§|oe%qtvdfc¨~le%} pX|
coerºLs§tv¨~|¦«£vz7¨c|sujc{]tvjc¦«£	ln`~eºXt&%~e¦§|¡(sul`$l`ce   |d]pX¦§¦ue%o¶oe|su}c¨pX¦u|%°
0  `ce%j¾ln`~e¬pXjc{v¦ue©[erlk¡±ee%j ln`ce¬jctvod]pX¦ºveqltvo|$tX­lk¡±tÂ|¨~q%q%e||suºXe%¦«£ e%|lns x
d]p^lne}®c¦§pXjce%|s§|¦§tQ¡·e%o=ln`cpXj©p]²%~e}®ln`coe%|`ctv¦u}0zÄ¡·e q%tvj~|su}ce%ol`p^lln`cer£®pXoe
C|¨   q%sue%jmln¦«£Oq%¦utv|eMElnt]e>p^qy`tXl`ce%oz7pXjc}ln`~es«lneonp^lsuºXe|qy`ce%dfe|lntXc|%°
_a`~s§|¶|lonp^le%{X£s§|¶pXc¦uelntfq%tX[e¡(s«ln`$¨clnt   tX­PtX¨~ln¦us§eo|Æ@s@° eX°uz7pf~oe>p^½L}~tJ¡(j
[tvsujmltX­ ~° vÇ =u  @9° _ZtOsudfcotQºveµl`ce]pXq%q¨conpXqr£©tX­Tln`~eµe%|ls§d]p^ls§tXj0z!¡±efs«lne%op^lne l`ce
cotLq%e||Æ 6Psu{v¨coe0vÇ °G|·coerºªsutv¨c|¦u£UjctXle%}0zFln`~elnopXjc|­¯tvod]p^ls§tvjB  4C  GH *
s§||¨~qy` ln`cp^l3  1 suj B56 °  efd]pX½XeUpjce¡ c¦§tLqy½©d]p^lnqy`~s§jc{$5elk¡·e%e%j B(:
pXjc}4.B5: rz 1 [es§j~{Ol`ceµ²o|ln¦«£¬e%|lnsudUplne%} c¦§pXjce ]zp^jc}¥p$jcer¡ e|lnsud]p^lnsutvj
 * tX­!l`cedfsu}ªxk|pX{vs«llnpX¦[~¦³pXj~e=m£Ul`ceª_ À cotLq%e}c¨coe^°T_a`celnopXjc|­¯tvod]p^ls§tvj;B * 4!C    GH *  8C    GH * su|a|¨cqy`$ln`p^l  *  1 suj2B * C B(:Ç °­3lneoa|erºve%opX¦sule%onplnsutvjc|%zJln`~eCdfsu}ªxk|pX{vs«llnpX¦vc¦§pXjce   su|q%tvdfc¨ªlne%}­¯otvd ln`ceTsud]pX{veB 

G C , ,), C B * CB  (: °G_a`ce²jpX¦[e%|lnsudUplnesu|*ln`ce=~¦³pXj~e 1 sujB  C , , , CB  (:r°P_a`ceq%tvdf5tv|s«lnsutvj
:;:)G<HIKJMLAN
   	
! #"$
tX­!ln`ce|¨cqq%e%||s«ºve¦u£$e%|lnsud]p^lne}$os§{Xs§}lonpXj~|­¯tvodUplnsutvjc|ap>ºvtXs§}c|ad¨c¦«lnsuc¦§eoe%|pXdfc¦§sujc{
pXjc}O¦§tX||(tX­Z}p^lypµsuj~­¯tvodUplnsutvj0°T|¨pX¦u¦u£Xzc¡±eqy`ctLtv|ep ² %ªe%}$jF¨cd5e%o¶tX­s«lne%op^lnsutvjc|°
n-1IKS )(
nPestimation of 
Rn PnS= K(S
1/2)o
block of center
block of center
block of center
n-1(Rn-1I R1 R0o...o= )(I)o
if n=nmax
n+1n
Pnsolution =
n=1
R0 = identity
1P = P, R1 R= )
(notation:
symmetry w.r.t. K
LTS optimization
block matching
beginning
end
ai
ib
ib’
symmetry w.r.t. K
6Ps§{X¨coe L´  - -  >A	 - 
 -7°  eµ}ce%|q%osu5efl`ceµs«lne%op^lns«ºveµ~otLq%e%||=­¯tvo=tvj~eµ{vsuºXe%j
qy`ctvsuq%eftX­CpXopXdfelneo|]Æ¯s9° eX°uzp^ltvjceµ{XsuºXe%j¬|q%pX¦§e>Çr°µ¶|¨p^¦§¦«£vz!¡·e ² %®l`ceµjF¨cd5e%otX­
sule%onplnsutvjc|%´lk£Lcsuq>pX¦u¦«£vz   
 £Ls§e¦§}~|{vtLtª}oe%|¨c¦ul| Æ¯|ee|e%qrlnsutvj®gmÇ °
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Bz[ln`~eq%tXd]~¦§e%~s«lk£®t^­Gln`cec¦utªqy½$d]p^lnqy`csujc{
cotLq%e||*su|*cotv[tXolnsutvjp^¦7lt 	 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lnotXjc{v¦«£
lnsu¦ule%}0z pXjc}E4 5:*pXoe=­@pXo·­¯otvd e>pXqy`$tXl`ce%ozpXjc}ln`~e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d¨c|lµ[e¦³pXo{ve©Æ¯pXopXdfelneo|BaÇ zGlnt®}~e>pX¦C¡(sul`+|lnotvjc{©}cs [e%oejcq%e|µs§j#lonpXj~|¦§p^lnsutvj
pXjc}¼otXlyplnsutvj0°	ikj¥ln`csu|q%pX|e^zP¡±epX¦u|twe%ª[eql ¦§pXo{ve]¡(sujc}ctQ¡(|OÆ¯pXopXdfelneo|®Ç=lnt
{vsuºXedftvoedfe>p^jcs§j~{X­¯¨c¦+' 'Aln`pXjU|d]pX¦u¦[tXjce%|°_a`cs§|·s§dfc¦usue%|ap¦³pXo{ve¶q%tvdfc¨~lnp^lnsutvjp^¦
q%tv|l>° Å jl`ce®qtvjmlnonp^o£vz*¡(`~e%j ¸s§|	pX¦§oe>pX}ª£Â¡·e%¦u¦pX¦usu{vjce%}Äz*¡±e®q%pXj»oe%|losuql	l`ce
jce%su{v`F[tXo`ctLtª}µt^­Äoe%|e%pXoqy`Äzªp^jc}µlno¨~|lTdftvoe*l`ce ' 'Âqtvdfc¨~le%}]tvjf|d]pX¦u¦~¡(s§j~}ctQ¡(|%°
 e sudfc¦§edfe%jmlne}¼pd¨c¦«lnsu|q>p^¦§eµ|qy`ce%dfe lnt	pXqy`csueºve]p{XtªtL}lonpX}ce xkt 5elk¡·e%e%j
pXq%q¨conpXqr£$pXjc}$q%tvdfc¦ue%ªs«lk£v°aikjcs«lns§pX¦u¦u£Xz¡(`ce%j$ln`ce`ce>p^}su||¨c|5e%qrlne}wlnt][e|lnotXjc{v¦«£
lnsu¦ule%}0zF¡±ed]pX½Xep²o|l·e%|lnsudUplnsutvj	tX­[ln`ce¶dfs§}ªx¤|npX{XsullypX¦7c¦§pXjce(¡(sul`¦§pXo{Xe¶º^pX¦u¨ce%|CtX­
 z /=z $zBzFp^|e%}]tvj]p}csu|c¦§pXq%edfe%jml±²e¦§}f¡(s«ln`]¦§tQ¡»}~e%jc|sulk£]pXj~}]¦utQ¡»oe%|tX¦§¨~ls§tXj0°
_a`cs§|Te|lnsud]p^lne  G s§|l`ceaq%ejFle%oTtX­AB3G C ,), , C B3G  (:*Æ¯j]su|Gln`~e¶jF¨cd[eoTtX­5sule%onplnsutvjc|
p^lpÂ{vs«ºvej |q>pX¦ueXz|ee |e%qrlnsutvj   °   °   Çr° _a`ce%jÄz=¡±e }ce%qoe>p^|e l`ce¬pXopXdfelneo||t
ln`p^lln`ce	qtvdfc¦ue%ªsulk£¸oe%d]pXsujc|µq%tXjc|lnpXjml>zln`cej~e¡,e%|ls§d]p^le * su| ln`~eq%e%jmle%oµtX­
B * C , ,), C B * C B3G C , ,), C B3G  (:rzp^jc}O|t]tvj0°*l(ln`ce¦§pX|l(|q>pX¦ueXzl`cee%|lnsudUplnsutvjsu|
pX|e}	tvjp}cs§|c¦§pXq%ed]ejmla²e%¦u}	tX­!`~s§{v`}ce%jc|sulk£	pXjc}	`~s§{v`oe%|tv¦u¨~lnsutvj0z~pXjc}	su|±¦us§½^e%¦«£
lnt	5eµpXqq%¨cop^lne^°opXqls§q%pX¦§¦«£vz[¡±eµd]pX½^e ln`ce­¯tX¦§¦utQ¡(s§jc{¨~|¨pX¦Pqy`ctvsuq%e%|=­¯tXosu|tXlotvcsuq
pX|a¡±e¦§¦pX|¶pXj~s§|tXlnotvcsuqsud]pX{ve|%´
0 _a`ces§j~suls³pX¦0º^pX¦u¨ce|¶t^­Zl`cepXonp^d]erlneo|pXoe^´
1       =   =    =Ctvo@  	    =    =     =  Æ¯}cs§|q%¨c||e}¥sujln`~ej~e%Ll|e%qrlnsutvj7Ç
1 /   z$  B   =
0 *l(e>pXqy`sule%op^lnsutvj0z~l`ce£$p^oepX¨~ltvd]p^lnsuq>p^¦§¦«£¨c5}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